The aim of this in vitro study was to compare the effect of different manipulation techniques on the surface hardness of ChemFil Rock glass ionomer. Materials and methods: The changes in Vickers surface hardness (VH) of ChemFil Rock were evaluated after the application of five manipulation techniques and compared with one control group (n = 60). The manipulation techniques included: finger pressure set, electronic piezo producing a high frequency set, air piezo producing a low frequency set, heat-set achieved with a curing light and the last technique was a combination of electronic piezo followed by heat-set. Standard set was the control. Results: The average surface hardness for the standard set was 49.5 VH. No statistical differences were demonstrated when the means were compared for finger pressure set (49.2 VH) or the air piezo set (48.49 VH) with standard set. The electronic piezo (54.21 VH) and the heat-set (57.5 VH) had an increased mean surface hardness when compared to other techniques. Heat-set had the highest surface hardness demonstrating a significant statistical difference when compared with standard set, finger pressure set, air piezo set as well as the combination of electronic piezo (p < 0.05).
IntroductIon
Glass ionomer cement as restorative materials are advantageous in pediatric restorative dentistry. The main advantages of GIC include fluoride release up to 50 μg/cm 2 and a chemical adhesion to the tooth structure. [1] [2] [3] The linear coefficient of thermal expansion (CTE) of GIC is a clinically relevant property for temperature transfer to tooth structure, since it has been established as . This is very similar to that of enamel (11.4 CTE [ppm] ) and relatively close to dentine (8.3 CTE [ppm] ), as measured at a temperature between 20°C and 60°C. 4, 5 The two key disadvantages of GIC materials include low early strength and moisture sensitivity during the initial setting process. 6, 7 The setting reaction of GIC materials start to occur upon mixing the two components of the powder as the base and the liquid as the acidic component. The acid-base reaction continues until complete neutralization of the acidic liquid by the basic ions released from the powder is completed. 8 Increasing the maturation reaction rate of the GIC will have a clinical advantage to reduce premature moisture contamination. Numerous techniques with ultrasonic scalers 3, 9, 10 and curing units [11] [12] [13] have been evaluated in literature to improve the properties of GIC. The faster setting time is one of the advantages of such techniques and enhances the resistance to water degradation in the initial ±10 minutes.
The literature on ultrasonic excitation and heat application to GIC showed a significant increase in the mechanical properties compared with the control materials. 10, [14] [15] [16] [17] [18] Heat generated from a curing light and the ultrasonic vibrations from an electronic piezo has been reported to enhance the surface hardness of GIC. 13 All the techniques evaluated in literature achieved improved material properties due to the manipulation of the salt bridge formation rate. 10, [19] [20] [21] Early application of heat after the placement of the restoration has been shown to improve the mechanical properties. 10, 17 The application of the electronic piezo resulted in an improved marginal adaptation of the GIC to the cavity wall. In turn, studies have demonstrated lower microleakage for the electronic piezo set vs the control group. 21 Due to the varied methodologies used in literature related to the in vitro manipulation of GIC, a comparison of available techniques under similar conditions with the same GIC was
MAterIAls A n d Methods
The in vitro study was approved by the ethics committee of The University of the Western Cape (BM/15/7/37).
Study Design
Ten samples were constructed for each experimental group from a capsulated GIC namely ChemFil Rock (Dentsply Sirona, Konstanz, Germany). A Teflon mould with a cylindrical space of 4 mm in diameter and 4 mm in height was used. Each of the moulds was randomly assigned to an experimental group and marked accordingly on the underside. The GIC material capsules were kept at room temperature to simulate the clinical scenario of storing GIC in the dental practice. The moulds were stored in a temperaturecontrolled incubator (37°C ± 1) prior to testing as to simulate the temperature in the oral environment. 14 A single experienced operator performed the application of the manipulation techniques at a constant room temperature (23 ± 1°C) with a relative humidity of 50 ± 5%. 2,18 ChemFil Rock was mixed for 15 seconds at 4,000-4,500 oscillations per minute in an amalgamator (in accordance with manufacturer's instructions). Hand instruments were used to remove the excess GIC material from the mould that was slightly overfilled. A thin layer of petroleum jelly was applied to the back of the electronic-and air piezo tips to prevent adherence to the GIC when in contact with the piezo tip. A LED curing light (Bonart ART-L3, Taipei City, Taiwan) served as the heat source and was applied at a distance of 1 mm from the surface of the GIC.
Division of Experimental Groups

Control Group (Sts)
Setting time of 3 minutes in accordance with the manufacturer's instructions.
Electronic Piezo High Frequency Set (Ep)
An electric piezo (Bonart ART-PB3, Taipei City, Taiwan) was set at 29 kHz for 15 seconds 22 without water coolant. 23 
Air Piezo Low Frequency Set (Ap)
The air piezo (Kavo Sonic flex 2000N, tip no 7, Biberach an der Riss, Germany) was set at 6 kHz for 15 seconds 22 without water coolant. 23 
Heat-set (Ht)
The heat was provided by a LED curing light (Bonart ART-L3, Taipei City, Taiwan) at 1,450 ± 50 mW/cm 2 for 40 seconds. 21 
Electronic Piezo Combined with Heat-set (Ep and Ht)
The electronic piezo (29 kHz) was applied to the surface of the GIC for 15 seconds without water coolant. This was followed immediately by heat provided by the LED curing light at 1,450 ± 50 mW/cm 2 for 40 seconds.
Finger Pressure Set (Fpre)
The mould was placed on a desktop scale (Ohaus Precision Standard, Model TS400D, Ohaus Corp, Florham Park, NJ, USA) and 3 kg ± 100 g (0.238 kgf/mm 2 = 2.3411 N/mm 2 ) of pressure was applied with a latex-free gloved thumb covered with a thin layer of petroleum jelly. The pressure was maintained on the sample for 2 minutes immediately after GIC placement in the mould.
After completion of each technique, a layer of petroleum jelly was placed on the surface of the specimens to protect them against dehydration and moisture contamination during the initial setting. 24 Each specimen was left for 6 minutes after the initial technique application (as per manufacturer's instructions) and then completely submerged in distilled water at 37°C ± 1.
Surface Microhardness Analysis
Forty-eight hours after the specimens were submerged in distilled water, the surface of the sample was smoothened using 2,500 grit silicon carbide paper, followed by 4,000 grit (3M, Massachusetts, USA). The polishing ensured an adjustment to the surface of ±100 μm, as measured with a micrometer prior to the surface hardness evaluation. This simulates the restoration polishing that would occur in the clinical setting. 14 A second and blinded operator completed the surface hardness evaluation with a Vickers hardness (VH) indenter. The VH of the surface was determined with a Vickers diamond indenter (Zwick-Roell durometer, ZHV1/2 Micro-Vickers, Italy) set at HV0.5 (load of 500 gf) and a dwell time of 10 seconds. Three VH measurements were recorded 500 μm apart on each sample to obtain a mean value per specimen. The mean values from the 10 samples per test group 15, 25, 26 were calculated with the standard deviation ( Fig. 1) . The mean values of the VH measurements were converted to Logarithms (base e) and these values were noted as "Log e (surface hardness)" for each test group. Analysis of variance (ANOVA) t tests were carried out for statistical comparisons of the various values obtained from the Log e (surface hardness), at a significance level of p < 0.05 (Fig. 2) . results Figure 2 demonstrates the observed spread of the Log e (surface hardness) values. Ep as well as the Ep and Ht demonstrated the greatest spread. A Bartlett test of homogeneity of variances confirmed that a significant difference was present (p < 0.001) between the homogeneity of the various treatments.
Therefore, the Welch version of the ANOVA t test allows for the appropriate evaluation of these differences in homogeneity between the manipulation techniques. When no overlap of the upper and lower limits occurs with the Welch version of the ANOVA Fig. 1 : Average of the VH with standard deviation for each technique t test, it illustrates a significant difference between techniques at a level of p < 0.05 (Fig. 2) . There is therefore, no significant difference between the VH of the Ht and the Ep techniques in Figure 2 . Only the Ht technique demonstrated an increased surface hardness that was significantly different when compared to the Sts. No significant difference was noted when applying the Fpre (49.2 VH) and the Ap (48.49 VH) techniques in comparison to Sts. Furthermore, the average of the VH of the Ep and Ht (39.73 VH) technique was statistically lower than Sts (49.5 VH). The technique that resulted in the greatest surface hardness was Ht technique (57.5 VH). The second-best technique was Ep (54.21 VH).
dIscussIon
The use of the various techniques was investigated with VH to establish the extent of the manipulation upon the "salt bridge" formation for the GIC material used in this study. The liquid phase of ChemFil Rock consists of polycarboxylic-and tartaric acid. The powder phase contains zinc modified fluoro-alumino-silicate glass filler particles. 27 The resultant glass particle has been cited to be a calcium-aluminium-zinc-fluoro-phosphor-silicate glass. 28 During the first mixing phase in the amalgamator, the polycarboxylic acid (R-COOH − ) in the liquid hydrate forms the glass particles of the powder. This is the start of the acid-base reaction and results in the exchange of protons from the glass filler particles causing the release of the cations (Al 3+ , Ca 2+ , Sr 2+ , Zn 2+ ). While this reaction takes place, the water content in the ChemFil Rock causes the polycarboxylic acid to neutralize and form a R-COO − molecule. The cations (Al 3+ , Ca 2+ , Sr 2+ , Zn 2+ ) cross-link ionically to the R-COO − and then water is released during the binding of cations with the R-COO − molecule. The application of ultrasonic excitation from Ep and the Ap techniques improves the reactivity of this afore mentioned process. 19 This excitation causes the movement of the cations and the liquid of the ChemFil Rock to the surface, where the cations join with the neutralized R-COO − chains resulting in an accelerated R-COO − -cation salt bridge formation. This results in the rapid "command set" from Ep and the Ap techniques when compared to the Ht, where no ultrasonic excitation was present. Command set refer to the ability of the clinician to induce a setting reaction, which occur earlier compared to when the material would have been left to set at its own speed. Barata 20 cited that the use of ultrasonic excitation could provide the start of the command set.
The resultant surface hardness of the Ep in this in vitro study was greater, but not statistically different from the control (Sts) due to the surface hardness values having a greater standard deviation (Figs 1 and 2) . Ultrasonic stimulation of both the Ep and Ap techniques therefore resulted in a rapid set (salt bridge formation) within 15 seconds of excitation.
The ultrasonic vibrations enhance the reaction rate of the salt bridge formation and improve the mechanical properties of GIC. 10, 19, 22 Although the Ap ultrasonic vibrations at 6 kHz resulted in a command set, it did not improve the surface hardness compared to the control (Sts). This result confirmed that when an ultrasonic device is used, the minimum setting of 17 kHz 22 or higher is required to obtain the additional increase in the surface hardness of GIC.
Gorseta 21 concluded the addition of heat generated by the Ht, Ap and the Ep techniques result in a relatively small temperature increase of 2-3°C on the surface of the restoration. In contrast, a temperature increase of 2.5°C was cited by Algera 19 for Ht (produced by soldering iron with tip temperature of 70 ± 2°C) and 1°C for the Ep techniques during orthodontic bracket cementation. The temperature or ultrasonic vibrations transferred through the orthodontic bracket were considered sufficient to increase the reactivity of the GIC molecules to rearrange and achieve a greater zone of ionic exchange during salt bridge formation in the surface of the GIC, resulting in an increased bond strength of the cements. 19 It is well recognized that high intensity curing lights are potentially dangerous, but a 1-2 mm layer of GIC has been shown to be sufficient for thermal isolation of the pulp. 29 Therefore, the use of Ep followed by Ht should be safe for use with GICs and it does not increase the pulpal temperature above the critical temperature of 5.5°C. It is thought that the Ht and the Ep result in decreased susceptibility of the restoration to hydrolysis in the early setting stage with the polycarboxylic acid are becoming more reactive. 3, 19 Furthermore, a more consistent and predictable surface hardness was achieved in the present in vitro study and a previously confirmed study by Menne-Happ and Ilie 14 where heat (Ht) was generated by a LED curing light.
During the salt bridge formation there is loosely bound water present in the GIC. 24 The decreased surface hardness observed with Ep combined with Ht (Ep and Ht) was visually explained by surface dehydration and crack formation of the loosely bound water. The small moisture droplets forming between the Teflon and the GIC material are seen under 10× stereo microscope magnification (Carl Zeiss AG, Stemi508 stereomicroscope, Oberkochen, Germany) ( Fig. 3 ). Although the rise in temperature of the samples was not determined the movement of the moisture to the surface in the Ep and Ht technique was not present when Ep and the Ht were applied individually. This deduction of a temperature increase of combining Ep and Ht technique above that of the individual Ep and Ht alone was made, based on the combined Ep and Ht technique that resulted in small droplets of moisture becoming visible under magnification around the margin of the material.
The materials subjected to the finger pressure (Fpre) technique were standardized at 3 kg ± 100 g (0.238 kgf/mm 2 = 2.3411 N/mm 2 ) for 2 minutes to ensure a standardized pressure during the setting process. This standardization had to be ensured, since previous studies conducted on the application of intra-oral finger pressure during crown cementation resulted in the subjective application of forces. 1, 30 The surface hardness obtained from the Fpre group (49.2 VH) was not significantly different from the control (49.5 VH) and the Fpre technique will not contribute to an increase in the surface hardness of GIC. Because GIC materials are generally used in pediatric dentistry, the clinician could use the Ap and Ep techniques from this study to assist in the command set of the GIC material. The Ht technique with a LED dental curing light is the most effective technique to increase the surface hardness of the GIC. Clinicians should not combine the two techniques (Ep and Ht) as this will lead to a significantly lower surface hardness.
clInIcAl sIgnIfIcAnce
The most challenging clinical scenarios where compliance and moisture control can be difficult, the clinician could make use of the piezo with the Ap and Ep techniques for the reduction in the setting time of the assessed GIC is desirable for pediatric restoration placement. The clinical advantage would lie in preventing moisture contamination of the GIC due to the command set effect of the ultrasonic vibrations. The use of the individual Ep and Ap techniques alone will induce the material to set within 15 seconds, preventing premature dissolution of the GIC and the Ep technique will improve the surface hardness to a greater extent than the Ap technique.
lIMItAtIons
Prewarming technique of glass ionomer material capsules were not assessed, since very few clinicians have access to a heating device like the Therma-Flo™ composite warmer (Vista dental, USA) or an appropriate water bath. The change in temperature at the bottom of the glass ionomer material during the use of each technique could be valuable for clinical recommendations to evaluate pulpal temperature changes for each technique. One capsulated glass ionomer material was assessed in this in vitro study.
